This study was initiated to examine if the life away from home and participation in sport activities affect nutritional health among girl university students. For this purpose, anthropometric data, peripheral blood and spot urine samples, 24-hour food duplicate samples, and answers to questionnaires were collected from 71 girl students at 19 to 23 years of ages who provided informed consent to participate in the study. Of the 71 participants, 29 and 42 participants lived in their homes or outside, respectively, and 23 subjects participated in sport activities whereas 48 subjects did not. Hematology, serum biochemistry and nutrient intakes were evaluated in comparison with the life conditions (home vs. dormitory, boarding house, etc.) and participation in sport activities. The population studied had insufficient intake of energy, protein, and minerals such as Ca and Fe. Those who lived in home or participated in sport activities took more energy and protein (although not the two minerals) than others. Skipping of breakfast was more common among those who lived away from home and had no sport activity. Thus, two social factors of life in home and participation in sport clubs contribute favorably for better food habits, but not necessarily improved intakes of Ca and Fe.
samples of foods (World Health Organization 1985) together with food menus of the day, underwent health examinations (including anthropometry, peripheral blood drawing, and spot urine sampling), and completed questionnaires on residence (i.e., whether she commuted from her home or she lived in a dormitory, a boarding house or else away from her home) and on participation in sport club activities.
Through the questionnaires, it was known that the sport club activities the subjects participated (e.g., volley ball, tennis, lacrosse, or cheer leading, etc.) were primarily for the exchange of friendship with colleagues spending 4-6 hours per week (mostly one hour every weekday), and none of them was a university athlete to compete with counterparts in other universities. None of the participants depended on store-bought precooked foods (such as lunch box), took mineral/vitamin supplements daily, or joined fitness clubs.
Collection of food duplicate samples
Collection of 24-hour food duplicate portion samples was conducted after careful instruction on both on the purpose and the procedures, as previously described in details (Shimbo et al. 1994 (Shimbo et al. , 1996 Zhang et al. 1999) . Each food item in a food duplicate sample was manually separated under supervision of a veteran nutritionist (who was familiar with habits of the students), and weight of each item was recorded taking advantage of the menu record.
The nutritionist coded all items in accordance with the national standard tables of food composition (Resources Council 2000) , with priority to cooked food items. The food composition tables on commercial pre-cooked foods (Kagawa 1995) were also used when necessary. In case the code for a food item of concern was not available in the databases, an available item of the closest botanical or zoological relevance was taken as a surrogate (Shimbo et al. 1996) . Nutrient intake was estimated from the food weight record and the code number first for each food item, followed by summing up for daily intake on an individual Unique food habits of younger generations, such as reliance on fast foods (Matthys et al. 2000; French et al. 2001) , breakfast skipping (Shiraki and Iwasaki 1986; Ikai et al. 1997; Samuelson 2000) and dieting with desire for thin body size (Heatherton et al. 1995; Schulken et al. 1997; Kamezaki and Iwai 1998; Miyagi 1998) , have been a focus of attention and were sometimes criticized by fore-going generations in many developed societies including Japan (Shiraki and Iwasaki 1986; Ikai et al. 1997 Ikai et al. , 1999 Kawano et al. 1997; Kamezaki and Iwai 1998; Miyagi 1998) , USA (Jones et al. 1992; Heatherton et al. 1995; Kirchner et al. 1995; Brevard and Ricketts 1996; Koszewski and Kuo 1996; Georgiou et al. 1997; Schulken et al. 1997; Hendricks and Herbold 1998; French et al. 2001) and Europe (Cruz 2000; Matthys et al. 2000; Rolland-Cachera et al. 2000; Samuelson 2000) . It has been observed that various life factors such as residence conditions (Jones et al. 1992; Brevard and Ricketts 1996; Ikai et al. 1997 and Rolland-Cachera et al. 2000) and sport activities (Kirchner et al. 1995; Brevard and Ricketts 1996; Kawano et al. 1997; Cavadini et al. 2000) may influence the food habits.
This study group examined nutritional health of girl university students, by 24-hour food duplicate collection, anthropometry, hematology and serum biochemistry. The results were evaluated in comparison with the conditions of residence (i.e., whether they commuted from their homes, or lived away from homes) as well as participation in sport activities.
SUBJECTS AND METHODS

Survey population
Survey was conducted in winter between 1996 and 1998, with an approval by the Research Ethics Committee of Kyoto Women's University, on 71 girl student volunteers at the 2nd-to 4th-year grades (thus at the ages of 19 to 23 years; Table 1 ) of a women's university. The subjects provided consents to participate in the study after they were fully informed of the study purpose, so that they submitted 24-hour duplicate portion basis as well as on a group basis.
The comparisons were made on energy, three major nutrients, four vitamins and seven minerals as listed in Table 2 . Comparison was not made with regard to other nutrients, because the risk of deficiency/excess intake is remote for the remaining nutrients among Japanese population (Ministry of Health and Welfare 1999).
Health examinations
Health examination items other than urinalysis were as listed in Table 1 (Matsuzawa et al. 2000) as follows; underweight, normal range, obesity (grade 1 to 4) for BMI of <18.5, 18.5 to <25, 25 (with sub-classification of 25 to <30, 30 to <35, 35 to 40, and 40 for obesity grade 1 to 4, respectively). It should be added with regard to this classification system, that ethnic difference in body composition and higher susceptibility to obesity-related diseases among Japanese populations were taken into considerations (Matsuzawa et al. 2000) , and that the pre-obesity category in WHO classification (World Health Organization consultation 1997) was converted to Obesity grade 1. Urinalyses were performed by dip-stick tests.
Statistical analysis
STAT-VIEW Version 5 was employed for statistical evaluation including analysis of variance (ANOVA), followed by multiple comparison (Scheffe). Normality was assumed for distribution of all nutrients except for dietary fiber and vitamin A, so that a distribution was expressed in terms of an arithmetic mean (AM) and an arithmetic standard deviation (ASD). In cases of dietary fiber and vitamin A, logarithm of dietary fiber and that of vitamin A distributed normally, and accordingly a geometric mean (GM) and a geometric standard deviation (GSD) were calculated for dietary fiber and vitamin A (in addition to AM±ASD) as parameters to represent distribution. Nationally recommended dietary allowances (or RDA, including dietary reference intakes; Ministry of Health and Welfare 1999) were employed for the evaluation of the estimated intakes.
RESULTS
Demographical and clinical findings
Demography, hematology, and serum biochemistry data are summarized in Table 1 . With regard to classification by BMI, 20 subjects (28.2%) were in the underweight class with BMI of <18.5, whereas one subject each (1.4%) was in the obesity grade 1 and 2, respectively. Thus, the BMI distribution as a whole was biased to the under-weight side rather than to over-weight, with a mean at 20.1.
Hematology data as a whole suggested sound heath, with mean hemoglobin (Hb) concentration of 12.8 g/100 ml. Further perusal of the data showed that the lowest Hb was 10.1 g/100 ml, indicating that none of the subjects were anemic. It was found that iron intake was insufficient, and, that sub-clinical iron deficiency cases might be present, as to be discussed later. The lowest total protein level in the serum was 6.6 g/100 ml, the level just above the lower limit of the normal range. Otherwise, both hematology and serum biochemistry were not very much informative, suggesting that the subject group as a whole was a healthy population.
Urinalyses (data no shown) were not informative. No case had glycosuria. Proteinuria (± degree) and hematuria (± to 2+) were detected in some cases, but they were most probably related to menstruation and would not mean renal dysfunction. Table 2 summarizes intakes of energy, major nutrients, minerals and vitamins. In cor-respondence to the fact that over one fourth of the population was in the under-weight class, mean intakes of energy and protein were below the RDA values. The intake of fat, 50.6 g/day (generating 455 kcal/day), accounted for 27% of total energy intake, which was in a slight excess of the recommended RDA for fat intake (20 to 25%). Intakes of the four vitamins appeared to be sufficient, with a wide variation in vitamin A intake. In contrast, intakes of calcium (Ca; 454 mg/day) and iron (Fe; 6.3 mg/day) were quite insufficient, being 76 and 53% of RDA values, respectively. Average intakes of Mg, Zn and Cu were also below corresponding RDAs. Intake of P was however sufficient.
Intakes of energy and nutrients
Comparative evaluation of nutrient intake by residence and sport activities
Among the total of 71 subjects, 48 women lived in homes with their families, and 23 participated in various sport activities. Accordingly, the subjects were classified into four groups by their residence and sporting to examine if food intakes were influenced by these two social factors (Table  3) .
ANOVA among the four groups disclosed that intakes of energy and two major nutrients of protein and carbohydrate (although not fat) were significantly (p<0.05) different among the four groups, and Group 4 (or those who lived away from home and practiced sport) had the highest intakes of carbohydrate and energy. Group 2 (those who lived in home and had ports exercise) had the highest intake of protein. Intakes of other nutrients including minerals and vitamins did not differ among the groups.
Subsequently, the subjects were classified in terms of residence (thus Groups 1+2 or those who lived in home versus Groups 3+4 who lived outside), and also in terms of sport (Groups 1+3 or those who had no sport practice versus Groups 2+4 who practiced sport). Comparisons (Table  4) showed that those in Groups 1+2 who lived in home took more protein (p<0.05) than those in Groups 3+4 who lived outside, and that those in Groups 2+4 who practiced sport had significantly more energy and carbohydrate (p<0.01) and probably protein also (p<0.10) than those in Groups 1+3 who had no sport practice. Intakes of other nutrients did not differ significantly except that phosphorus (P) intake might be higher in Groups 1+2 than in Groups 3+4 (p<0.10).
Possible effects of residence and sport on physical parameters
Possible effects of residence and sport on anthropometric, hematological and serum biochemical parameters were examined similarly by classifying the subjects into four groups. The results were not informative in general, and only the cases with significant difference are summarized in Table 5 . Thus, serum albumin was highest in Groups 2 and 4 suggesting the effects of sport practice. Serum total protein was highest in Group 2 (who lived in home and did sport) but lowest in Group 4. Interestingly, both body weight and BMI of those in Group 2 with high energy and protein intakes (Table 3) tended to be greater than values for other groups although the differences were statistically insignificant (p>0.10 for both).
Breakfast skipping and snack intake
It was possible from food menu records to examine if the subject skipped breakfast and if she took snacks. The analysis showed that the distribution of breakfast skipping tended to be higher in Groups 3+4 (19.0%) than in Groups 1+2 (6.9%) and in Groups 1+3 (18.8%) than in Groups 2+4 (4.3%), but the bias was statistically insignificant (p>0.10). When Group 3 was compared with others (i.e., Groups 1+2+4), however, the skipping was significantly (p<0.05) more frequent in the former (i.e., those who lived away from home and did not practice sport) than in the latter (i.e., other subjects in combination). Snack intake did not show significant bias among the four groups.
DISCUSSION
The present study made clear that the girl student population studied had insufficient intake of energy, protein, Ca and Fe. Insufficient intake of Ca and Fe among adolescents had been reported also in other developed areas such as western (Rolland-Cachera et al. 2000) and southern Europe (Cruz 2000) . The insufficient intake is most probably associated with irregular meal pattern such as skipping breakfast (Shiraki and Iwasaki 1986; Ikai et al. 1997; Samuelson 2000) and preferred intake of fast foods (Matthys et al. 2000; French et al. 2001) .
Energy intake of the study subjects, 1680 kcal/day (Table 1) , was as low as 82% of the RDA value of 2050 kcal/day (Ministry of Health and Welfare 1999). It is worthy to note that the food duplicate portions were collected after careful instruction and chances of under-reporting should be very remote. In fact, the low BMI level (20.1 as an average; Table 1 ) should be taken as a result of the low energy intake. This is in accordance with the results of a multi-ethnic study on obesity among adolescent populations in US, i.e., obesity rate was lower for Asian-Americans than for other ethnic groups (Popkin and Udry 1998) .
Despite low Fe intake (Table 1) , none in the study subjects was apparently anemic (Table 2) . The lack of apparent anemic cases however may not be contradictory to the low Fe intake. In a separate study on 1190 middle-aged Japanese women (Tsukahara et al. 2003) , only 3.1% was anemic in terms of Hb levels (i.e., Hb<10 g/100 ml), whereas 32.6% were low in ferritin (<20 ng/ml) although Hb was satisfactory (Hb 10 g/100 ml) and remaining 64.3% were normal both in ferritin ( 20 ng/ml) and Hb (Hb 10 g/100 ml). The observation indicates that a substantial portion of women were Fe-deficient even if their Hb levels were apparently normal. No data on ferritin levels were available for the present study subjects, unfortunately.
It was also shown in the present study that those who lived in home or participated in sport activities had more energy and protein (although not the two minerals) than others (Tables 3 and  4 ), and that breakfast skipping was more common among those who lived away from home and had no sport activity. Several authors had studied the effects of residence on nutritional health. For example, Shiraki and Iwasaki (1986) noted that the prevalence of breakfast skipping was higher among those who lived away from homes as compared with those living in home.
Similarly, Jones et al. (1992) observed that smoking and drinking are more common among college students living independently than those living in home. Brevard et al. (1996) found that college students (both men and women) who lived on the campus had significantly higher serum b Calculated from the RDA of 20-25% as a ratio of energy from fat over total energy. c A recommended upper limit, and not RDA. d GM and GSD are given in place of AM and ASD. Groups 1, 2, 3 and 4 are as shown in Table 3 . There is a significant difference between two means shown by the same letters; two letters for p<0.01, and one letter for p<0.05
(by Scheffe).
triglyceride levels than those who lived off campus. Schulken et al. (1997) reported that women in sorority had greater concern over body size than others. The present study results that those who lived in home had more energy and protein than those who lived away from home are on the line with the observations by Shiraki and Iwasaki (1986) and Jones et al. (1992) in the sense that communication with and support from other family members will contribute for better nutritional health.
With regard to the effects of sport on nutritional health, Cavadini et al. (2000) observed that athlete adolescents (apparently amateur athletes) took more dairy products, cereals and fruits, and thus had healthier food habits than non-athletes, indicating favorable effects of physical exercise on nutritional health as in the present study. In contrast, when Kawano et al. (1997) compared nutritional life of students in athletic universities (i.e., those specialized in sport practice and training, and/or sport science) with that of those in non-athletic universities, breakfast skipping was common in some 20% of those in the athletic universities in contrast to 1% in the controls. Intake of green-yellow vegetables was less frequent in the former than the latter. In over-all evaluation therefore, the athletic group showed poorer food habits than the controls. Although the reasons for the apparent discrepancy are yet to be investigated, the athletes studied by Kawano et al. (1997) appeared to be specialists under hard training whereas those in the present study and those of Cavadini et al. (2000) were apparently amateur players with quite less intense exercise. Such variations may lead to different conclusions.
Two points may need to be discussed as possible limitations of the present study. One point is the fact that 24-hour duplicate samples were collected only for one day. It may be desirable to collect the duplicates for several days because food menus usually vary everyday. However, collection of duplicate samples is quite a burden for sample donors, and one day collection with intense instruction to collect ordinary foods is most practical. It was made clear in this respect that collection of 10-20 samples per group is sufficient for identification of major characteristics of foods of the target group such as dietary cadmium intake (Watanabe et al. 2004) .
The other point is the limitation associated with the use of food composition tables for nutritional evaluation. Food composition tables used for nutritional evaluation consist of items for raw and cooked foods (Resources Council 2000) . Although priority was given to the items for cooked food materials, it was inevitable in some cases to use the items for raw food materials simply because no cooked food item was available. Such practice might induce bias in the estimation. Recent experience of this group however showed that the table-based estimation for total energy and protein agreed very well the results of chemical analysis with the estimated/measured ratio of >98%, and 101%, respectively (Kim et al. 2003) . Thus the potential bias induced by the use of food composition tables is most probably less than thought.
In conclusion the girl students studied had insufficient intake of energy, protein, Ca and Fe. Among them, those who lived in home or participated in sport activities had more energy and protein (although not the two minerals) than others, and that breakfast skipping was more common among those who lived away from home and had no sport activity. Thus, the two factors of commutation from home and participation in sport activities may contribute favorably for better nutritional health, although insufficient intake of Ca and Fe may stay.
